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Background of the Invention 
[0001] Some embodiments of the present invention are generally related to 

microprocessors, and more particularly, to microprocessors capable of pipelined 
execution with branch misprediction recovery. 

[0002] Modern microprocessors may achieve high frequencies by 

incorporating deep pipelines. These microprocessors may also expose instruction 
level parallelism (ILP) by predicting branches and speculatively executing past 
unresolved branches. One consequence of speculative execution may be branch 
misprediction. Branch mispredictions may greatly contribute to performance 
degradation, especially in microprocessor architectures that use deep pipelines. 

Brief Description of the Drawings 
[0003] The invention shall be described with reference to the 

accompanying figures, wherein: 

[0004] Fig. 1 illustrates a diagram of branch misprediction recovery in a 

program, according to an embodiment of the present invention; 
[0005] Fig. 2 illustrates a diagram of portions of a pipeline in a processor 

adapted for scalable rename map table recovery, according to an embodiment of 
the present invention; 

[0006] Fig. 3 illustrates a diagram of portions of a pipeline in a processor 

adapted for scalable rename map table recovery with a recovery buffer, according 
to an embodiment of the present invention; 

[0007] Fig. 4 illustrates a diagram of a checkpoint buffer, according to an 

embodiment of the present invention; 

[0008] Figs. 5-6 illustrate flow diagrams of a scalable rename map table 

recovery method, according to an embodiment of the present invention; 
[0009] Figs. 7-8 illustrates diagrams of system environments capable of 

being adapted to perform the operations of scalable rename map table recovery, 
according to embodiments of the present invention; and 
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[00010] Fig. 9 illustrates a diagram of a computing environment capable of 
being adapted to perform the operations of scalable rename map table recovery, 
according to an embodiment of the present invention. 
[00011] The invention is now described with reference to the 
accompanying drawings. In the drawings, like reference numbers generally 
indicate identical, functionally similar, and/or structurally similar elements. The 
drawing in which an element first appears is generally indicated by the left-most 
digit(s) in the corresponding reference number. 

Detailed Description of Preferred Embodiments 
[00012] While the present invention is described in terms of the examples 
below, this is for convenience only and is not intended to limit its application. In 
fact, after reading the following description, it will be apparent to one skilled in 
the relevant art(s) how to implement the following invention in alternative 
embodiments (e.g., providing a recovery mechanism using an alternative 
checkpoint generation mechanism). 

[00013] Furthermore, while the following description focuses on the 
recovery of instructions in a microprocessor using a form of an Itanium® 
Processor Family (IPF) compatible processor or in a Pentium® compatible 
processor family (both manufactured by Intel® Corporation, Santa Clara, 
California), it is not intended to limit the application of the present invention. It 
will be apparent to one skilled in the relevant art how to implement the following 
invention, where appropriate, in alternative embodiments. For example, the 
present invention may be applied, alone or in combination, with various 
microprocessor architectures and their inherent features, such as, but not limited 
to, complex instruction set (CISC), reduced instruction set (RISC), very long 
instruction word (VLIW), and explicitly parallel instruction computing (EPIC). 
[00014] With respect to Fig. 1, a diagram of branch misprediction recovery 
in a program is shown, according to an embodiment of the present invention. In 
this diagram, circles, such as 102, 104, and 106, may indicate software program 
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basic blocks, and connecting arrows, such as arrows 122, 124, 126, 128, and 130, 
may indicate connections that do not include any program instructions. 
[00015] Fig. 1 shows basic block 102 ending with a branch instruction, 
with conditional paths 124 and 128 emerging from the basic block 102. During a 
given iteration, a branch predictor may make a misprediction of the result of the 
branch ending basic block 102 and send the execution flow down the mispredicted 
path including basic block 104. Subsequent processing may occur further along 
the mispredicted path, as indicated by path 126. 

[00016] According to an embodiment of the present invention, a checkpoint 
may be set at basic block 102, storing information that would enable recovery 
from a recovery event, such as, but not limited to a branch misprediction, fault, or 
other error. Upon the occurrence of a recovery event, the execution of the basic 
blocks of the mispredicted path along the mispredicted branch point may need to 
be discarded. Then, the blocks from the correct path 128, such as block 106, may 
need to be fetched into the pipeline. 

[00017] Referring to Fig. 2, a diagram of portions of a pipeline in a 
processor adapted for scalable rename map table recovery is shown, according to 
an embodiment of the present invention. A LI cache 202 may store instructions 
which may be fetched and decoded by a fetch-decode stage 204. Decoded 
instructions may be stored in a trace cache 206 or other form of instruction buffer. 
These instructions may have their operand logical registers mapped to operand 
physical registers in a register rename stage 208. The decoded and register- 
renamed instructions may be stored in a micro-operation queue 210 before being 
scheduled for execution in a scheduler stage 212. Once scheduled for execution, 
the instructions may read the operand registers in register read stage 214 before 
being executed in one or more execution units 216. If exceptions are not raised in 
the retirement stage 218, then the results of the execution may be used to update 
the machine state, which may include writing results to destination operand 
registers. 
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[00018] In many embodiments, the true results of a conditional branch 
instruction may not be known until the instruction executes and retires, and a 
branch target buffer (BTB) 220 and branch predictor 222 may be used to issue 
branch predictions to the fetch-decode stage 204 or, in some embodiments, to the 
trace cache 206. The branch prediction may take the form of a predicted target 
address stored in the BTB 220. According to an embodiment of the present 
invention, the branch prediction may be provided with an estimate of the 
misprediction probability of the branch by a branch confidence estimator 226. 
[00019] According to embodiments of the present invention, the 
determination of a candidate branch with a low confidence value (high 
misprediction probability) may be made using branch outcome history data. In 
one embodiment, any low confidence branch may be assigned a checkpoint and 
counter information about each checkpoint stored in a checkpoint buffer 224. 
[00020] By using checkpoints to store architectural states, which may be 
created at selected points, a means of recovering from branch mispredictions, 
faults, and other errors is provided. Rather than build and maintain large physical 
register files, the embodiments of the present invention may make use of 
checkpoints to track instructions and preserve rename map tables and register 
files. In embodiments of the present invention, checkpoints may redirect fetch to 
the correct instruction and restoring the rename map before new instructions reach 
the rename stage. The map table may be restored from a checkpoint. It may also 
be incrementally restored from a non-speculative map table such as a retirement 
register alias table. It may also be incrementally restored from a history buffer 
that stores the speculative map table updates performed since the mispredicted 
branch was dispatched. The checkpoints may be generated to enable a restart 
from a previous architectural state by including copies of the rename map tables 
or register files such that they may be restored to their previous states. 
[00021] Alternatively, as the diagram of Fig. 3 illustrates, a recovery buffer 
228 may be used to store previously executed instructions for possible use in 
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selective recovery operations. In any of these embodiments, the checkpoints may 
be used to support selective recovery. 

[00022] Recovering rename map tables using checkpoints provides a non- 
serial approach that may allow for scalable renaming operations. The placement 
of checkpoints at every single branch may incur a high overhead. Thus, the 
number of rename map table checkpoints or simply checkpoints may be carefiilly 
limited to selective points, preferably at branches having a high misprediction 
probability. 

[00023] The misprediction probability of a given branch may be determined 
with the use of a branch confidence estimator (BCE), such as the BCE 226 
described above with respect to Fig, 2. 

[00024] According to one embodiment of the present invention, on a branch 
misprediction, execution may restart from the nearest checkpoint prior to the 
mispredicted branch. If the checkpoint is not at the mispredicted branch, good 
instructions between the checkpointed instruction and the mispredicted branch 
may need to be re-executed. To minimize this overhead, which may also be called 
checkpoint overhead, the BCE may cover a large fraction of mispredicted 
branches. In one embodiment, the branch predictor may use a table of 4-bit 
saturating counters indexed using an XOR of the branch address and the global 
branch history. According to this embodiment, the counters may be reset to zero 
when the corresponding branch is mispredicted and incremented on a correct 
branch prediction. A branch with a high counter value may be predicted as high 
confidence, and other branches may be predicted as low confidence. This 
application may provide a maximum set of checkpoints from which the branch 
predictor may further determine confidence levels of branches, and may determine 
which branches are associated with checkpoints. 

[00025] The checkpoint buffer, such as checkpoint buffer 224, may keep 
track of rename map table checkpoints. Each checkpoint may correspond to a 
very large number of instructions, and their numbers may vary across checkpoints. 
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In one example, each checkpoint entry may correspond to 256 instructions and 
thus eight checkpoints may be sufficient to support 2048 instructions. 
[00026] According to embodiments of the present invention, checkpoints 
allocation and reclamation may occur in a first-in-first-out order. A checkpoint 
may be allocated only if a free checkpoint is available, and each checkpoint buffer 
entry may have a counter to determine when the corresponding allocated 
checkpoint can be freed. The counter may track completion of instructions 
associated with the checkpoint, that is, the counter may be incremented when an 
instruction is allocated and decremented when the instruction completes 
execution. Counter overflow may be prevented by forcing a new checkpoint. If 
the checkpoint buffer is full, an instruction may be stalled until a checkpoint is 
freed. The oldest checkpoint may be reclaimed when its associated counter has a 
value which indicates that the instructions associated with the checkpoint have 
completed execution, for example, a counter value of zero. Prior to a checkpoint 
being reclaimed or retired, the next checkpoint may be allocated to ensure that 
there is always forward progress along the various branches and that there is 
always at least one checkpoint to which to return in the event of an exception, 
branch misprediction, or other fault. 

[00027] Each instruction may have an identifier associating it to a specific 
checkpoint. Instructions may use this identifier to access the appropriate 
checkpoint buffer for incrementing and decrementing the counter. This identifier 
may also be used to select instructions to be squashed or committed. As soon as 
the last instruction belonging to a checkpoint completes, all instructions in that 
checkpoint may be retired instantly and the associated checkpoint may be 
reclaimed. This may provide the ability to commit hundreds of instructions 
instantly, thereby potentially removing the in-order and serial retirement 
constraints enforced by a re-order buffer (ROB). 

[00028] Fig. 4 illustrates a diagram of the checkpoint buffer 400, according 
to an embodiment of the present invention. As described in more detail below, 
when instructions are dispatched, one or more counters within the checkpoint 
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buffer 400 may be incremented, as indicated by block 402. Furthermore, when 
instructions are completed, one or more counters within the checkpoint buffer 400 
may be decremented, as indicated by block 404. Specific embodiments of the 
present invention discuss implementations of the checkpoint buffer herein, but the 
present invention is not limited to these specific implementations. One of 
ordinary skilled in the art would recognize that other type of configurations could 
be used to perform the functionality of the checkpoint buffer, based on at least 
from the teachings described herein. 

[00029] While a checkpoint may be placed at any branches, such as low 
confidence branches, other branches within the checkpoint may be mispredicted, 
forcing a recovery to a prior checkpoint. To prevent the same branches from 
being repeatedly mispredicted, on a re-execution from a checkpoint, the branch 
outcome from the previously aborted execution may be used rather than a 
prediction. This may, in one embodiment, be done by storing the branch distance 
(in number of branches) from the checkpoint and the associated branch outcome. 
This outcome may be used on a restart thus preventing repeated mispredictions. A 
checkpoint may include any number of instructions, including a single instruction. 
Thus, forward progress may always be guaranteed, even under pathological cases, 
by forcing a checkpoint right after the instruction at the head of the instruction 
window and thus allowing the instruction at the head of the window to commit. 
This is exactly the same forward progress solution used in a ROB-based 
architecture in which the head of the ROB is always allowed to commit, even in 
the presence of external events such as snoop invalidations in multiprocessors. 
[00030] According to embodiments of the present invention, rather than 
using the ROB for branch recovery, the checkpoint buffer may be used for 
performing recovery. The size of the instruction window may not be limited by 
the rename map table checkpoints size because checkpoints may be created 
infrequently at low confidence branch points in the instruction window or when 
necessary, such as at architecture-specific serializing instructions. 
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[00031] The embodiments of the present invention may replace the ROB- 
based designs with a micro-architecture which may use confidence-based 
checkpoints and checkpoint counters for branch recovery, where each checkpoint 
corresponds to a group of instructions. A branch misprediction may result in a 
rollback to the closest checkpoint. The embodiments described herein may 
perform register reclamation using counters, thereby decoupling register 
reclamation from the in-order instruction commit semantics provided by the ROB. 
Additionally, the checkpoints may also be used for recovering from faults and in 
providing precise interrupts. 

[00032] The checkpoint based architecture may use numerous counters. 
Counters may be used for tracking allocated instructions, for reclaiming registers, 
for counters in store queues. The present invention may ease counter management 
by allowing all instructions to eventually decrement the counters, including 
squashed instructions that are merely draining out of the pipeline. In one 
embodiment, a counter's associated resources may be released only when a 
counter reaches zero. For example, if an instruction is squashed due to a branch 
misprediction, the instruction may still decrement any related counters even as it 
is draining out of the pipeline without affecting any other architectural state. 
Thus, no global reset signals may be required for counters in the various 
structures. 

[00033] In accordance with the above-described embodiments, the present 
invention is now illustrated with respect to Figs. 5-6. As discussed herein, the 
branch predictor 222, branch confidence estimator 226, and checkpoint buffer 224 
manage the scalable rename map table checkpoints for recovering from branch 
mispredictions. 

[00034] Fig. 5 is a flow diagram of a scalable rename map table recovery 
method, according to an embodiment of the present invention. At step 500, the 
process starts and proceeds to the processing of a plurality of instructions that 
include a plurality of branches (step 502). A microprocessor, as described in 
further detail below, may process instructions in an out-of-order manner, where 



-9- 



Venable Ref. No. 42339-193264 
Intel Ref. No. PI 7875 (33141) 



instructions may be broken down into segments and fed into one or more 
pipelines. The microprocessor may scan the incoming instruction stream, decide 
how to rearrange the plurality of instructions, and ensure that a reordered 
instruction does not depend on a result from a prior instruction that has not yet 
completed execution. According to the embodiments of the present invention, the 
dependency between two instructions may cause the pipeline(s) to stall as they 
wait for the related instruction(s) to finish. Additionally, the process of branch 
prediction may be employed to prevent stalls. When the processor encounters a 
fork in the program's path, for example, caused by an IF-THEN or similar 
conditional statement in the program code), it may then predict which path the 
program will take. If the processor guesses correctly, then it gets a head start on 
executing those instructions. If it guesses incorrectly, however, it may need to 
flush the incorrectly predicted instructions from the pipelines and fetch the correct 
ones. Thus, the process at step 502 may begin by processing a plurality of 
instructions and proceeds to step 504. 

[00035] At optional step 504, the processor estimates a misprediction 

probability for each of the plurality of branches. In one embodiment, the branch 
predictor 222, using both the branch confidence estimator 226 and checkpoint 
buffer 224, may operate to estimate the misprediction probability. As described 
above, the confidence estimator may utilize historical misprediction information. 
The process then proceeds to step 506. 

[00036] At step 506, the processor generates a checkpoint at a branch 
having a high misprediction probability in a checkpoint buffer having at least one 
checkpoint buffer entry. The entry of the checkpoint may provide a means to 
recover from a branch misprediction, which may be more likely at this determined 
branch given the estimation of a misprediction probability. At the next step 508, 
the processor generates a counter for the at least one checkpoint buffer entry so 
that the checkpoint buffer may, according to embodiments of the present 
invention, manage the branch and any recovery. The process proceeds to step 
510. 
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[00037] At step 510, the processor associates one or more instructions from 
the plurality of instructions with the checkpoint and in step 512, the processor 
tracks with the counter the one or more instructions from the plurality of 
instructions associated with the checkpoint. During the processing of instructions, 
as described herein, the association with the checkpoint may become the principle 
locus for tracking the progress of the processor. Once the associations are made, 
the processor may continue to process, estimate, track and associate with 
additional checkpoints. The process then continues to step 5 14. 
[00038] Steps 5 1 4-5 1 8 are contingent upon the occurrence of a recovery 
event. Upon the occurrence of a recovery event, the process may proceed to step 
514, and access the checkpoint associated with mispredicted branch. Once 
accessed, the architectural state is restored in step 516. In step 518, the process 
restarts processing prior to where the recovery event occurred, as per the 
association with the checkpoint. The process may continue processing to step 520 
to reclaim the checkpoint or may otherwise continue to step 550, as one of 
ordinary skill in the art would recognize, based at least on the teachings presented 
herein. 

[00039] In step 520, when the processor either completes processing or 
performing recovery operations, it reclaims the checkpoint when the counter 
indicates. In one embodiment, this may be when one or more instructions from 
the plurality of instructions associated with the checkpoint have been completed. 
The process then proceeds to conclusion at step 550, from which point the process 
may begin again at step 500. In an alternative embodiment, the processor may 
perform, at various stages, the steps of Fig. 5 in a parallel manner and in multiple 
instances. 

[00040] In an alternative embodiment of the present invention, the 
checkpoint may be generated when a checkpoint buffer entry is available. 
Additionally, the processor may process beyond the branch due to be associated 
with the checkpoint without generating the checkpoint when the checkpoint buffer 
entry is not available. The tracking may also include operations where the 
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processor increments the counter when the one or more instructions is allocated, 
and decrements the counter when the one or more instructions completes 
execution. 

[00041] The retirement operations of embodiments of the present invention 
may be implemented where checkpoints are reclaimed in a first-in-first-out order 
or where an oldest checkpoint is reclaimed when a subsequent checkpoint is 
generated. 

[00042] In alternative embodiments, the checkpoint buffer 224 may operate 
where one or more additional instructions from the plurality of instructions are 
associated with an existing checkpoint when the misprediction probability of the 
one or more additional instructions is determined. Furthermore, one or more of 
the checkpoints may be combined, thus combining their associated instructions, 
when the misprediction probability of the one or more additional instructions is 
determined. 

[00043] Fig. 6 illustrates a flow diagram of an embodiment for estimating 
the misprediction probability (step 504) by associating a counter with one of said 
plurality of branches in step 602. The processor then manages the counter, for 
example, it may increment the counter when said one of said plurality of branches 
is correctly predicted in step 604 or it may decrement said counter when said one 
of said plurality of branches is mispredicted in step 606. The counter, according 
to embodiments of the present invention, may be stored within the checkpoint 
buffer 224. In step 608, the processor may estimate the misprediction probability 
of the one of the plurality of branches from the counter's value and thus return to 
step 506, as described above and illustrated in Fig. 5. 
[00044] The processor of the present invention, according to the 
embodiments described above and the environments described below may include 
a first circuit adapted to process a plurality of instructions that include a plurality 
of branches. The first circuit may include the branch predictor 222 adapted to 
estimate a misprediction probability for each of the plurality of branches. The 
checkpoint buffer 224 may also store one or more counters. A second circuit 
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adapted to generate a checkpoint at a branch having a high misprediction 
probability in the checkpoint buffer 224 having at least one checkpoint buffer 
entry may include the first circuit and the branch target buffer 220, and may also 
include the branch confidence estimator 226. 

[00045] The second circuit may be adapted to generate a counter for each 
checkpoint buffer entry, and to associate one or more instructions from the 
plurality with the checkpoint. Additionally, the second circuit may be further 
adapted to track the one or more instructions from the plurality associated with the 
checkpoint with the counter, and to reclaim the checkpoint when the counter 
indicates that the one or more instructions from the plurality of instructions 
associated with the checkpoint have been completed. 

[00046] In one embodiment, the branch confidence estimator 226 may 
further comprise a counter associated with the branch having a high misprediction 
probability and adapted to track when the branch is mispredicted. The counter 
may be a saturation counter, and implemented as one of ordinary skill in the art 
would recognized, based at least on the teachings provided herein. 
[00047] In one embodiment, the first circuit may further comprise a 
recovery buffer 228. The recovery buffer, as described above with respect to Fig, 
3, operating to assist in the recovery operations between the execution of 
instructions within the pipeline back to a stage prior to the scheduling of those 
instructions. 

[00048] In this detailed description, numerous specific details are set forth. 
However, it is understood that embodiments of the invention may be practiced 
without these specific details. In other instances, well-known circuits, structures, 
and/or techniques have not been shown in detail in order not to obscure an 
understanding of this description. 

[00049] References to "one embodiment", "an embodiment", "example 
embodiment", "various embodiments", etc., indicate that the embodiment(s) of the 
invention so described may include a particular feature, structure, or 
characteristic, but not every embodiment necessarily includes the particular 
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feature, structure, or characteristic. Further, repeated use of the phrase "in one 
embodiment" does not necessarily refer to the same embodiment, although it may. 
[00050] In this detailed description and claims, the term "coupled," along 
with its derivatives, may be used. It should be understood that "coupled" may 
mean that two or more elements are in direct physical or electrical contact with 
each other or that the two or more elements are not in direct contact but still 
cooperate or interact with each other. 

[00051] An algorithm is here, and generally, considered to be a self- 
consistent sequence of acts or operations leading to a desired result. These 
include physical manipulations of physical quantities. Usually, though not 
necessarily, these quantities take the form of electrical or magnetic signals capable 
of being stored, transferred, combined, compared, and otherwise manipulated. It 
has proven convenient at times, principally for reasons of common usage, to refer 
to these signals as bits, values, elements, symbols, characters, terms, numbers or 
the like. It should be understood, however, that all of these and similar terms are 
to be associated with the appropriate physical quantities and are merely 
convenient labels applied to these quantities. 

[00052] Unless specifically stated otherwise, as apparent from the 
following discussions, it is appreciated that throughout the specification 
discussions utilizing terms such as "processing," "computing," "calculating," 
"determining," or the like, refer to the action and/or processes of a computer or 
computing system, or similar electronic computing device, that manipulate and/or 
transform data represented as physical, such as electronic, quantities within the 
computing system's registers and/or memories into other data similarly 
represented as physical quantities within the computing system's memories, 
registers or other such information storage, transmission or display devices. 
[00053] In a similar manner, the term "processor" may refer to any device 
or portion of a device that processes electronic data from registers and/or memory 
to transform that electronic data into other electronic data that may be stored in 
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registers and/or memory. A "computing platform" may comprise one or more 
processors. 

[00054] Embodiments of the present invention may include apparatuses for 
performing the operations herein. An apparatus may be specially constructed for 
the desired purposes, or it may comprise a general purpose device selectively 
activated or reconfigured by a program stored in the device. 
[00055] Embodiments of the invention may be implemented in one or a 
combination of hardware, firmware, and software. Embodiments of the invention 
may also be implemented as instructions stored on a machine-readable medium, 
which may be read and executed by a computing platform to perform the 
operations described herein. A machine-readable medium may include any 
mechanism for storing or transmitting information in a form readable by a 
machine (e.g., a computer). For example, a machine-readable medium may 
include read only memory (ROM); random access memory (RAM); magnetic disk 
storage media; optical storage media; flash memory devices; electrical, optical, 
acoustical or other form of propagated signals (e.g., carrier waves, infrared 
signals, digital signals, etc.), and others. 

[00056] Specifically, and only by way of example, the present invention 
(i.e., the checkpoint enabled circuits of Fig. 2 or any part thereof) may be 
implemented using one or more microprocessor architectures or a combination 
thereof and may be implemented with one or more memory hierarchies. In fact, in 
one embodiment, the invention may be directed toward one or more processor 
environments capable of carrying out the functionality described herein. An 
example of system environments 700 and 800 are shown in Figs. 7-8 and include 
one or more central processing units, memory units, and buses. The system 
environments 700 and 800 may include a core logic system chip set that connects 
a microprocessor to a computing system. Various microprocessor architecture 
embodiments are described in terms of these exemplary micro-processing and 
system environments. After reading this description, it will become apparent to a 
person of ordinary skill in the art how to implement the invention using other 
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micro-processing and/or system environments, based at least on the teachings 
provided herein. 

[00057] Referring now to Figs. 7 and 8, schematic diagrams of systems 
including a processor supporting execution of speculative threads are shown, 
according to two embodiments of the present invention. The system environment 
700 generally shows a system where processors, memory, and input/output 
devices may be interconnected by a system bus, whereas the system environment 
800 generally shows a system where processors, memory, and input/output 
devices may be interconnected by a number of point-to-point interfaces. 
[00058] The system environment 700 may include several processors, of 
which only two, processors 740, 760 are shown for clarity. Processors 740, 760 
may include level one (LI) caches 742, 762. The system environment 700 may 
have several functions connected via bus interfaces 744, 764, 712, 708 with a 
system bus 706. In one embodiment, system bus 706 may be the front side bus 
(FSB) utilized with Pentium® class microprocessors. In other embodiments, 
other busses may be used. In some embodiments memory controller 734 and bus 
bridge 732 may collectively be referred to as a chip set. In some embodiments, 
functions of a chipset may be divided among physical chips differently from the 
manner shown in the system environment 700. 

[00059] Memory controller 734 may permit processors 740, 760 to read and 
write from system memory 710 and/or from a basic input/output system (BIOS) 
erasable programmable read-only memory (EPROM) 736. In some embodiments 
BIOS EPROM 736 may utilize flash memory. Memory controller 734 may 
include a bus interface 708 to permit memory read and write data to be carried to 
and from bus agents on system bus 706. Memory controller 734 may also connect 
with a high-performance graphics circuit 738 across a high-performance graphics 
interface 739. In certain embodiments the high-performance graphics interface 
739 may be an advanced graphics port (AGP) interface. Memory controller 734 
may direct read data from system memory 710 to the high-performance graphics 
circuit 738 across high-performance graphics interface 739. 
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[00060] The system environment 800 may also include several processors, 
of which only two, processors 770, 780 are shown for clarity. Processors 770, 780 
may each include a local memory channel hub (MCH) 772, 782 to connect with 
memory 702, 704. Processors 770, 780 may exchange data via a point-to-point 
interface 750 using point-to-point interface circuits 778, 788. Processors 770, 780 
may each exchange data with a chipset 790 via individual point-to-point interfaces 
752, 754 using point to point interface circuits 776, 794, 786, 798. Chipset 790 
may also exchange data with a high-performance graphics circuit 738 via a high- 
performance graphics interface 792. 

[00061] In the system environment 700, bus bridge 732 may permit data 
exchanges between system bus 706 and bus 716, which may in some 
embodiments be a industry standard architecture (ISA) bus or a peripheral 
component interconnect (PCI) bus. In the system environment 800, chipset 790 
may exchange data with a bus 716 via a bus interface 796. In either system, there 
may be various input/output I/O devices 714 on the bus 716, including in some 
embodiments low performance graphics controllers, video controllers, and 
networking controllers. Another bus bridge 718 may in some embodiments be 
used to permit data exchanges between bus 716 and bus 720. Bus 720 may in 
some embodiments be a small computer system interface (SCSI) bus, integrated 
drive electronics (IDE) bus, or universal serial bus (USB) bus. Additional I/O 
devices may be connected with bus 720. These may include input devices 722, 
which may include, but are not limited to, keyboards, pointing devices, and mice, 
audio I/O 724, communications devices 726, including modems and network 
interfaces, and data storage devices 728. Software code 730 may be stored on 
data storage device 728. In some embodiments, data storage device 728 may be, 
for example, but is not limited to, a fixed magnetic disk, a floppy disk drive, an 
optical disk drive, a magneto-optical disk drive, a magnetic tape, or non-volatile 
memory including flash memory. 

[00062] The present invention (i.e., the rename map table recovery system 
or any part thereof) may be implemented using hardware, software or a 



- 17- 



Venable Ref. No. 42339-193264 
Intel Ref. No. PI 7875 (33141) 



combination thereof and may be implemented in one or more computer systems or 
other processing systems. In fact, in one embodiment, the invention may comprise 
one or more computer systems capable of carrying out the functionality described 
herein. An example of a computer system 900 is shown in Fig. 9. The computer 
system 900 may include one or more processors, such as processor 904. The 
processor 904 may be connected to a communication infrastructure 906 (e.g., a 
communications bus, cross over bar, or network). Various software embodiments 
are described in terms of this exemplary computer system. After reading this 
description, it will become apparent to a person skilled in the relevant art(s) how 
to implement the invention using other computer systems and/or computer 
architectures. 

[00063] Computer system 900 may include a display interface 902 that may 
forward graphics, text, and other data from the communication infrastructure 906 
(or from a frame buffer not shown) for display on the display unit 930. 
[00064] Computer system 900 may also include a main memory 908, 
preferably random access memory (RAM), and may also include a secondary 
memory 910. The secondary memory 910 may include, for example, a hard disk 
drive 912 and/or a removable storage drive 914, representing a floppy disk drive, 
a magnetic tape drive, an optical disk drive, etc, but which is not limited thereto. 
The removable storage drive 914 may read from and/or write to a removable 
storage unit 918 in a well known manner. Removable storage unit 918, may 
represent a floppy disk, magnetic tape, optical disk, etc. which may be read by and 
written to by removable storage drive 914. As will be appreciated, the removable 
storage unit 918 may include a computer usable storage medium having stored 
therein computer software and/or data. 

[00065] In alternative embodiments, secondary memory 910 may include 
other similar means for allowing computer programs or other instructions to be 
loaded into computer system 900. Such means may include, for example, a 
removable storage unit 922 and an interface 920. Examples of such may include, 
but are not limited to, a program cartridge and cartridge interface (such as that 
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found in video game devices), a removable memory chip (such as an EPROM, or 
PROM) and associated socket, and/or other removable storage units 922 and 
interfaces 920 that may allow software and data to be transferred from the 
removable storage unit 922 to computer system 900. 

[00066] Computer system 900 may also include a communications interface 
924. Communications interface 924 may allow software and data to be 
transferred between computer system 900 and external devices. Examples of 
communications interface 924 may include, but are not limited to, a modem, a 
network interface (such as an Ethernet card), a communications port, a PCMCIA 
slot and card, etc. Software and data transferred via communications interface 
924 are in the form of signals 928 which may be, for example, electronic, 
electromagnetic, optical or other signals capable of being received by 
communications interface 924. These signals 928 may be provided to 
communications interface 924 via a communications path (i.e., channel) 926. 
This channel 926 may carry signals 928 and may be implemented using wire or 
cable, fiber optics, a phone line, a cellular phone link, an RF link and/or other 
communications channels. 

[00067] In this document, the terms "computer program medium" and 
"computer usable medium" are used to generally refer to media such as, but not 
limited to, removable storage drive 914, a hard disk installed in hard disk drive 
912, and signals 928. These computer program media are means for providing 
software to computer system 900. 

[00068] Computer programs (also called computer control logic) may be 
stored in main memory 908 and/or secondary memory 910. Computer programs 
may also be received via communications interface 924. Such computer 
programs, when executed, enable the computer system 900 to perform the features 
of the present invention as discussed herein. In particular, the computer programs, 
when executed, may enable the processor 904 to perform the present invention in 
accordance with the above-described embodiments. Accordingly, such computer 
programs represent controllers of the computer system 900. 
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[00069] In an embodiment where the invention is implemented using 
software, the software may be stored in a computer program product and loaded 
into computer system 900 using, for example, removable storage drive 914, hard 
drive 912 or communications interface 924. The control logic (software), when 
executed by the processor 904, causes the processor 904 to perform the functions 
of the invention as described herein. 

[00070] In another embodiment, the invention is implemented primarily in 
hardware using, for example, hardware components such as application specific 
integrated circuits (ASICs). Implementation of the hardware state machine so as 
to perform the functions described herein will be apparent to persons skilled in the 
relevant art(s). As discussed above, the invention is implemented using any 
combination of hardware, firmware and software. 

[00071] While various embodiments of the invention have been described 
above, it should be understood that they have been presented by way of example, 
and not limitation. It will be apparent to persons skilled in the relevant art that 
various changes in form and detail may be made therein without departing from 
the spirit and scope of the invention. This is especially true in light of technology 
and terms within the relevant art(s) that may be later developed. Thus the 
invention should not be limited by any of the above described exemplary 
embodiments, but should be defined only in accordance with the following claims 
and their equivalents. 
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